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(54) Die attach adhesives for use in microeiectronic 

(57) A thermoplastic or thermosetting adhesive for 
bonding an electronic component to a sulistrate in 
which the adhesive is cured in situ from a curable com- 
position comprises one or more poly- or mono-func- 
tional maleimide compounds, or one or more poly- or 
mono-functional vinyl compounds other than maleimide 
compounds, or a combination of maleimide and vinyl 
compounds, a curing initiator and optionally, one or 
more fillers. 
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Descripti n 



liona compounds to IM , he coss J <ie5«rA SI2,S^fI "^"""^ '=^" l» P'«a« torn m«,t>tac- 
somaoss-lirtgnoaMamthB Z SZflfcr^l^,^ =1 pa/*rw,o™i eonp«,nds ean be added B p,o«e 
« thai does not dMnSht,. S!™;! """M <« PolX-l.inc«onal cowndsislimlledlo.n 

j;.«^u^.,.dbSsr:err,o\'ss^ 

removed. ~ P"*" °» «»«'ate, and an, resaue adhesive <an be healed un« eoflens and It easily 

adhesive composi.ons in an ^oun LtSlS^^^^^ ''.^ P--' « package 

any fillers). ^ ' f'®^'^®"* ''^^^ °" oi^Sanic components present (excluding 

usually shon-iived, which is capable of inTtion a SS rSnn h 'i'^^:"' ^'^''^ ''^'^t'^^ ^"'^ 

initiator will be present in an aLurt of o to ?n nT.ri f ""^"^ °* ^ mechanism. The free-radical 
pounds (excludSig any lerj °- ' '° P'^'^^"*' ''^^'^ °' °^9^"'- 

long Shelf life before cLf^ reSreS ^^ra^^^^^ ' '^th a 
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curing process may then be initiated by UV radiation. The photoinitiator will be present in an amount of 0.1 to 10 per- 
cent, preferably 1 to 5.0 percent, by weight of the organic compounds (excluding any filler). In some cases, both pho- 
toinitiation and thermal initiation may be desirable. For example, th curing process can be started by UV irradiation, 
and in a later processing step, curing can be completed by the application of heat to accomplish a free-radical cure. 
[0016] In general, these compositions will cure within a temperature range of 80-200''C, and curing will be effected 
within a length of time of less than 1 minute to 60 minutes. As will be understood, the time and temperature curing pro- 
file for each adhesive composition will vary, and different compositions can be designed to provide the curing profile that 
will be suited to the particular industrial manufacturing process. 

[0017] Suitable conductive fillers for the adhesives are silver, copper, gold, palladium, platinum. In some circum- 
stances, nonconductive fillers may be needed, for example to adjust rheology, such as, alumina, silica, and teflon. 
[0018] As used throughout this specification, the notation C(0) refers to a carbonyl group. 

Maleimide Ckjmpounds 

[001 9] The maleimide compounds suitable for use in the adhesive compositions of this invention have a structure rep- 
resented by the formula: [M-^ J^— Q, or by the formula: [M— Z Jn— K. For these specific formulae, when lower case 
"n" is the integer 1. the compound will be a mono-functional compound; and when lower case "n" is an integer 2 to 6, 
the compound will be a poly-functional compound. 
[0020] [M-^nJn-Q. or by the formula: [M— ZnJn— K. 
[0021 ] Formula [M— X Jp— Q represents those compounds in which : 

M is a maleimide moiety having the structure 




in which is H or Ci to Cg alkyl; 

each X independently is an aromatic group selected from the aromatic groups having the structures (I) through (IV) : 



(I) (II) (III) 




(IV) 



O— C— NH— 



Q is a linear or branched chain alkyl. alkyloxy. alkylene. alkyleneoxy, aryl, or aryloxy alkyl amine, alkyl sulfide, 
alkylene amine, alkylene sulfide, aryl sulfide species, which may contain saturated or unsaturated cyclic or hetero- 
cyclic substituents pendant from the chain or as part of the backbone in the chain, and in which any heteroatom 
present may or may not be directly attached to X; 
or Q is a urethane having the structure: 
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— 1^ — X_ G- N H-R3- N H- C>-(0-r3- O- C- N H- F?- N H- C- >_ X-R2- 
in which each independently Is an alkyi, aryl, or arylalkyi group having 1 to 18 carbon atoms- is an alkvl or 
or Q Is an ester having the structure: 

O 0 
— r3_c_o— r3_o-C— r3- 

ir, which R3 is an alkyI or alkyloxy chain having up to 100 atoms in the chain, which chain may contain aryl substrt- 
or Q is a siloxane having the structure: 

arouo'^frnl'^i'TfilM^^''^^:: u ""^'f" s^,b^M independently for each position is H or an 



^0 

HN 



"4 



[0023] Formula [M-2 J„_K represents those compounds in which 
M is a maleimide mol ty having the structure 
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5 




10 in which R'' is H or to C5 alkyi; 

Z is a linear or branched chain alky), alkyloxy, alkyI amine, alkyI sulfide, alkylene. alkyleneoxy, alkylene amine, 
alkylene sulfide, aryl, aryloxy, or aryl sulfide species, which may contain saturated or unsaturated cyclic or hetero- 
cyclic subistituents pendant from the chain or as part of the backbone in the chain, and in which any heleroatom 
present may or may not be directly attached to K; 

15 or Z is a urethane having the structure: 



in which each independently is an alkyI, aryl, or arylalkyi group having 1 to 18 carbon atoms, and R^ Is an alkyI 
or alkyloxy chain having up to 100 atoms in the chain, which chain may contain aryl substltuents, and v is 0 to 50; 
or Z is a siloxane having the structure: — {CR''2)9-{SiR''2— Olr-SiR^a— {CR^2)g— in which the R^ substituent 
independently for each position is H or an alkyI group having 1 to 5 carbon atoms and the R^ substituent independ- 
ently for each position is H, an alkyI group having 1 to 5 carbon atoms or an aryl group, and e and g are independ- 
ently 1 to 10 and f is 1 to 50; 

K is an aromatic group selected from the aromatic groups having the structures (VI) through (Xlll) (although only 
one bond may be shown to represent connection to the aromatic group K, this will be deemed to represent any 
number of additional bonds as described and defined by n): 




(V) 



(VI) 



35 





40 



in which p is 1 to 100; 



45 



(VII) 



50 




in which p is 1 to 100: 



55 
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(VIII) 




•R8 



aTSlZ'lt' ^ I^T ^ ""fJ °' "'^"'^"^ "^^'^ «lkyl s^^ide. alkylene, alkylen^ 

rated cyclic or heterocyclic substituents pendant from the chain or as part of the backbone in the chain and in 
which any heteroatom present may or may not be directly attached to the aromatic ring; or rS rS and R^ are a 
^IM TlrTr f in which the Ri substituent 's H or an 

f T ^ ^ ^ "^"""^ ^"'^ ^''^ " substituent independently for each position is an alkyi group hav- 
ing 1 to 5 carbon atoms or an aryl group, and e is 1 to 10 and f is 0 to 50; / a 



(X) 



.O-DO, 
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(XI) 




and (XII) 




HO-C^^C-OH 
O 6 



and m is 0 or 1 , and n is 1 to 6. 

[0024] Preferred maleimide compounds, particularly for reworkable compositions, are N-bulylphenyl maleimide and 
N-ethylphenyl maleimide. - 

Vinyl Compounds 

[0025] The vinyl compounds (other than the maleimides herein) suitable for use in the adhesive compositions of this 
invention will have the structure: 



[0026] For these specific structures, when lower case "n" is the integer 1 , the compound will be a mono-functional 
compound; and when lower case "n" is an integer 2 to 6, the compound will be a poly-functional compound. 
[0027] In these structures, and are H or an alkyi having 1 to 5 cattjon atoms, or together form a 5 to 9 mem- 
bered ring with the carbons forming the vinyl group; B is C. S, N, O, C(0), 0-C{0), C(0)-0, C(0)NH or C(0)N(RS), in 
which is Ci to Cg alkyI; m is 0 or 1 ; n is 1-6; and X, Q. Z, and K are as described above. 

[0028] Preferably. B is O, C(0), C(0)-0. C(0)NH or C(0)N(RS); more preferably B is 0, C(0). O-C(O), C(0)-0, or 
C(0)N(R8). 

[0029] The preferred vinyl compounds for use as adhesives are vinyl ethers or alkenyl suf ides. Examples of suitable 
vinyl compounds are the following: 




or 




7 



Copied from 10355354 on 04/12/2005 



EP 0 969 065 A2 



and \y°-(^^)x-0^ , 



Other Composition Components 



sitions for particular sitS are li^^^^^^^ agents and the preferr«J amounts for use in compo 

yTHF (polymJizS t*rXr2a?/S^^^^^ 

other rronofunctional ^^nyl compound ^ ^ ^ ^^'"^"^ ^ ""^'9^' °' "^aleimide and 

[0033] Other additives, such as adhesion promoters, in types arxi amounts known in the art. may also be added. 
Performance Properties 

SsiHon olZ iX'lSKl »Z^,;Sr",' « P-*"" M glass 
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0 0 0 0 

— Rj-O-C-Ra-C-O-Ra-fO-C-Rj— C-O-Rj-^ 



or the structure 



0 0 0 O 

II II , II II 

— R3-C-O- R3-O-C- R34C-O— Rj— 0-C- R3-4p- 



in which p is 1 to 100, 

each R'^ can independently be an all<yl or alkyloxy chain having up to 100 atoms in the chain, which chain may con- 
tain aryl sutstituents, or 

a siloxane having the structure — {CR^2)e— [SiR^2— 0]f— SiR^g— (CR''2)g— in which the R'' substituent independ- 
ently for each position is H or an alkyi group having 1 to 5 carbon atoms, the R* substituent independently for each 
position is an alkyI group having 1 to 5 carbon atoms or an aryl group, e and g are independently 1 to 10 and f is 1 
to 50. 

[0038] Another embodiment of this invention includes the vinyl compounds having the structures 




and 




as described herein in which B is C, S, N, O, C(0), C(0)NH or C(0)N(R8), in which R^ is to C5 alkyl. 
[0039] Another embodiment of this invention includes the vinyl compounds having the structures 




and 




as described hereir 



which Q and Z can be an ester having the structure 



00 0 0 

II II II II 

— R3-O-C-R3-C-O-R3-4O-C-R3— C-0-R3-4p 



or the structure 



o 00 o 

— R3-C-O- R3- 0-C- R34C- O— R3— O- C- R,-^ 



in which pis 1 to 100, 
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or a siloxane having the structure 

n!o!l"^®'"''7f l'~^'?2~^°"'2)g- in which the substituent independently for each position is H or an 
1 to 5 cart3on atoms or an aryl group, e and g are independently 1 to 1 0, and f is 1 to 50. 

[0040] Another embodiment of this invention includes the curable adhesive composition as described herein contain- 
ing an anronic or cat.on.c curing inrtiator. TTie types and useful amounts of such inLto,. are weTJn^n in'heT 



[0041] Various maleimide and vinyl compounds were prepared and formulated 



Preparation of Butadiene-Acrylonltrile Bismaleimide 
[0042] 




=n v ^ ® ^^"^ 3° °" then allowed to warm to room temperature and stirred 

r2,;i7l ^^^nlloT^ T .'^'^P®'^'"^^' subsequently extracted with H2O (1 L), satd. NaHCO, (1 L) and H,0 
(2x1 L). Solvent was removed >n vacuo to yield the maleimide terminated butadfene acrylonitrile. ' 
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EXAMPLE 2 

Preparation of Tris(maleimide) Derived From Tris(epoxypropyl)isocyanurate 
[0044] 




O 




[0045] Trls(epoxypropyl)lsocyanurate (99.0 g, 0.33 mo!) Is dissolved In THF (500mL) in a 2 L three-necked flask 
equipped with mechanical stirrer, internal temperature probe and nitrogen Inlet/outlet. To this solution is added hyrcxy- 
phenylmaleimide (189.2 g, 1 mol) and benzyldimethylamine (1.4 g, 0.05 wt. %). The solution is heated to 80°C for 7 
hours. The reaction then is allowed to cool to room temperature, is filtered, and the flltrant washed with 5 % HCIaq 
(SOOmL) and distilled H2O (1 L). The resulting solid, triazinetrls(maleimide), Is vacuum dried at room temperature. 
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EXAMPLE 3 

Preparation of Maleimidoethylpalmitate 
S [0046] 



11 HO'V'Sf O Ov 
H3C(H2C),,^a b 11 V\ 
* H3C(H2C)„/^0-^%f 



tilled H,0 (500 ml) is added Sh vigors S aS^^^^^^^^ ^^^^^03 (84.0 g, 1 mol) in dis- 

' funnel Is charged with hydroxyethylLelmide 4^^^^^^^^ °" ^Z^^ ""^'^ ^"'^ ^*««°" 

over a period of 30 minutes, maintaining an internal f<10°c duS^h= *° 
minutes on ice. then allowed to warm to room emperaJure and TJJ f T"' ^''^^"^ '"^ ^^^^^er 30 

aratory funnel and the isolated organic layer wasS wS^ dS^ M^?in *^«"sferTed to a sefv 

{2X500 mL). The organics are isolated, *L Sr anhS '"!:^' ? ^^'^^ ""L) and distilled H,S 

aliphatic maleimide. ^"^y^- '"'^fed and solvent removed in vacuo to yield the 

EXAMPLE 4 

Pr P.».ono,«s™,*^0=*«,„„^,^„,^,.f^„^^^,_, ^^^^^^^ 
[0048] 



NCO 
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are added with stirring, and the resulting mixture heated for four hours at 70°C. The addition funnel is charged with 
hydroxyethylmaleimide (141 g, 1 mol) dissolved in THF (100 mL). This solution is added to the isocyanate solution over 
30 minutes, and the resulting mixture heated for an additional 4 hours at lO'C. The reaction Is allowed to cool to room 
temperature and solvent removed in vacuo. The remaining oil is dissolved in CH2CI2 (1 L) and washed with 10% HCIaq 
5 (1 L) and distilled H2O (2x1 L). The isolated organics are dried over MgS04 filtered and the solvent removed in vacuo 
to yield the maleimide. 

EXAMPLES 

10 Preparation of Dimer Divinyl Ether Derived From Pripol 2033 
[0050] 



15 




"Dimer Divinyl Ether" (and cyclic isomers) 

25 

[0051] Bis(1 , 10-phenanthroline)Pd(OAc)2 (0.21 g, 0.54 mmol) was dissolved in a mixture of butyl vinyl ether (8.1 8 g, 
81.7 mmols), heptane (100 mL) and "dimer diol" (sold as Pripol 2033 by Unichema, 15.4 g. 27.2 mmol) in 2 L three- 
necked flask equipped with a mechanical stirrer under nitrogen. This solution was heated to light reflux for 6 h. The solu- 
tion was allowed to cool to room temperature and subsequently poured onto activated cartson (20 g) and stirred for 1 
30 hour. The resulting slun'y was filtered, and excess butyl vinyl ether and heptane were removed in vacuo to yield the divi- 
nyl ether as a yellow oil. The product exhibited acceptable NMR, FT-IR and ''^C NMR spectral characteristics. Typical 
viscosity -100 cPs. 

EXAMPLE 6 

35 

Preparation of Dimer Diacrylate Derived From Dimer Diol (Pripol 2033) 
[0052] 

40 



HO ^ ^OH 
45 "'^36 



so 

[0053] A dimer diol (sold as Pripol 2033 by Unichema, 284.4 g, 500 mmol) is dissolved in dry acetone (500 mL) in a 
1 L three-necked flask equipped with mechanical stirrer, addition funnel and internal temperature probe under nitrogen. 
Triethylamine (101 .2 g, 1 mol) is added to this solution and the solution cooled to 4°C on an ice bath. AcryloyI chloride 
(90.5 g, 1 mol) solvated in dry acetone (100 mL) is charged into the addition funnel and added to the stirred reaction 
55 solution over the course of 60 minutes, maintaining an internal temperature <10''C. This solution is stirred on ice for an 
additional 2 hours, then allowed to warm to room temperature and stirred for 4 hours. Bulk solvent is removed via a 
rotary evaporator, and the remaining residue solvated in CH2CI2 (1 L). This solution is washed with 5% HCIgq (800 mL), 
and H2O (2x800mL). The isolated organics are dried over MgS04 anhyd. and filtered, and the solvent removed in vacuo 
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to yield the diacrylate as an oil. 
EXAIVIPLE 7 
s Preparation of N-etfiylphenyl Maleimide 

the reaction mixture was stirred or 30 C.iS^^ f, °* '""^ 

10 mi) was used to dissolve the ™ eamicTS^l^IJ l-Qht yellow crystals were filtered and dried. Acetic anhydride (200 
at^60oC.AftJ°3hou:^^^^^^ 

stirred vigorously for 1 ZTTtie c^S^^^"^^ ^'^'^ ^ ^ ^ beaker in ice water and 

material was driL at 50 °C n a vaSroTcTefS^^^ fn^ '^Z'^^'T- '"H"^"'- 

maleimide. overnight. FTIR and NMR analysis showed the characteristics of ethyl 

EXAMPLE 8 

Preparation of Bis(alkenylsulfide) 
[0055] 



HO-^CiT^OH — 



O O 



2eq. HS^(CH2),oCH3 



O O 



^(CHj),oCH3 
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EXAMPLE A. 



Preparation of 6-maleimidocaproic acid 



[0058] 



4. 

O 



o 




■OH 



6-maleimidocapoic acid 

[0059] The acid functional maleimide, 6-maleimidocaproic acid, was synthesized using known methodology.'' Amino- 
caproic acid (1 00 g, 7.6x1 0"'' mols) was dissolved in glacial acetic add (50 mL) in a 500 mL four-necked flask equipped 
with mechanical stirring, an internal temperature probe and an addition funnel. The addition funnel was charged with a 
solution of maleic anhydride (74.8 g, 7.6x10 mols) dissolved in acetonitrile (75 mL). This solution was added to the 
aminocaproic acid at room temperature dropwise over 1 hour, maintaining an internal reaction temperature less than 
35°C. The reaction was stin-ed for three hours after the addition was complete. The reaction slurry was filtered, and the 
Isolated filtrate was dried in a vacuum oven (P~25 T) overnight at 70°C to yield 166 g of off white solid (95%). The prod- 
uct amic acid exhibited FT-IR and NMR spectral characteristics consistent with literature data. 
[0060] The amic add described above (166 g, 7.2x10"^ mols) was solvated in a solution of toluene (200 mL). benzene 
(200 mL) and triethylamine (211 mL, 1.51 mol) in a 1 L three-necked flask equipped with mechanical stin-ing and a 
Dean-Stark trap under nitrogen. This solution was heated to reflux for 4 h and the water produced collected in the Dean- 
Stark trap. Distilled water (400 mL) was added to the reaction flask to dissolve the triethyiammonium salt of the product 
which largely separated from the bulk solution during the reaction. This aqueous layer was isolated, acidified to pH~1 
with 50% HCI, and extracted with ethyl acetate (600 mL). This organic layer was washed with distilled water (400 mL). 
The isolated organic layer was dried over MgS04, followed by solvent removal in vacuo to yield an off white solid (76.2 
g, 50%). The product 6-maleimidocaproic add was spectrographically identical to literature material by FT-IR and 
NMR. 
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EXAMPLE B. 

Preparation of "Dirtier Diester Bismaleimide" 
[D061] 




"Dimer Diester Bismaleimide" (and cyclic isomers) 
EXAMPLE C. 

Preparation ol "Decane DIol Diester Bismaleimde" 
[0063] 




"Decane Did Diester Bismaleimide" 
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EXAMPLE D 



Preparation of "Glycerol Triester Tris(maleimide)" 



[0065] 




O 



o 



[0066] The protocol outlined in example B. was utilized substituting glycerol (10.4 g. 1.13x10"^ mol) for Pripol 2033. 
The product was a viscous liquid which exhibited acceptable FT-IR and NMR data. 

EXAMPLE E. 

Preparation of "Bis(/T7-nitrobenzyl carbamate) of IPDI" 



"Bls(m-nitroben2yl carbamate) of IPDI" 

[0068] Isophorone diisocyanate ("IPDI", 100.0 g, 4.5x10"'' mols), m-nitrobenzyl alcohol (137.8 g, 9.0x10' mols) and 
dibutyl tin dilaurate (2.8 g, 4.5x10-2 mols) were solvated in dry toluene (1500 mL) in a 2L three-necked flask equipped 
with mechanical stin-er, reflux condensor and internal temperature probe under nitrogen. The resulting solution was 
heated to 90°C for 4 h. No isocyanate band was observed in the IR of the solids portion of the sample. The solution was 
allowed to cool to room temperature and washed with distilled HgO (100 mL). The organic layer was isolated and sol- 
vent removed in vacuo to yield a yellow liquid which exhibited acceptable FT-IR and NMR characteristics. 



[0067] 
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EXAMPLE F 

Preparation of "Bis(m-aminobenzyl carbamate) of IPDI" 
s [0069] 




15 



"Bis(/n-aminobenzyl carbamate) of IPDI" 



EXAMPLE G. 
[0071] 



6l. 



IS Preparation of "Bis(m-maleimidobenzyl carbamate) of IPDI" 
"Bis(/77-maleimicloben2yl carbamate) of IPDI" 



.cs were then dr,ed over MgS04anhyd..filtered and solveritremoved/nv^c.0 to yieidaligWbrS^Lli^^^^^ 
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This material exhibited acceptable FT-IR and ^ H NMR spectral features. 
EXAMPLE H. 

Preparation of "Bls(m-nitrobenzyl carbamate) of DD1 1410" 
[0074] 




"Bis(m-nitrobenzyl carbamate) of DD1 1410" (and cyclic isomers) 

[0075] DD1 1410 (Henkel, "Dimer Dilsocyanate", 99.77 g, 1. 65x10- mols based on 13.96 % NCO). m-nitrobenzyl 
alcohol (50.8 g. 3.32x10"'' mols) and dibutyltin dilaurate (0.5 mL, 8.3x10"* mols) were solvated in toluene (150 mL) in a 
1 L four-necked flask equipped with mechanical stirrer, reflux condenser and internal temperature probe under nitrogen. 
The reaction was heated to 85°C for 2.5 h. FT-IR analysis of an aliquot of the reaction indicated complete comsumption 
of isocyanate functionality as judged by the lack of a band at 2272 cnf \ Solvent was removed from the reaction in 
vacuo to yield a yellow oil which solidified upon standing at room temperature (1 52.4 g, 1 02% (trace toluene)). This solid 
exhibited satisfactory FT-IR and NMR spectral features. 

EXAMPLE I. 

[0076] 




Preparation of "Bis(m-aminobenzyl carfciamate) of DD 1 1 41 0" 
"Bis(m-aminobenzyl carbamate) of DD1 1410" (and cyclic isomers) 

[0077] The diamine product of Example H (39.6 g. 4.32x10"^ mols) and stannous chloride dihydrate (97.55 g, 
4.32x1 0"'' mols) were slurried in ethyl acetate (300 mL) in a 1 L three-necked flask equipped with mechanical stin-er and 
a reflux condenser under nitrogen. The reaction was heated to light reflux and stirred vigorously for 3 h. The solution 
was allowed to cool to room temperature and brought to pH 7-8 with a solution of saturated sodium bicartonate. The 
mixture was pushed through a 25 micron filter to yield a mixture which separated into a cloudy aqueous layer and a 
moderately clear organic layer. The aqueous layer was isolated and washed with ethyl acetate (100 mL). The organic 
layers were combined, washed with distilled water (300 mL) and dried over anhydrous MgS04. The slun-y was filtered 
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and solvent removed from the filtrat in vacuo to yield yellow, sticky solid (33.8 g. 92%). 
EXAMPLE J. 

Preparation of "Bis(m-malelmidobenzyl carbamate) of DD1 1410" 
[0078] 




"Bjs(m-maleimldobenzyl ca*amate) of DD1 1410" (and cyclic isomers) 

^T"" ^a^'^- '^? ^'^ ^ "^'^^ (300 ml) in a 2 L four-necked flask 

cooled to ~4 C on an rce bath. A solution of the diamine prepared in Example I (63.4 g, 7 48x10-2 mols) in acetone ^70 
tain nTL' ntri? ^'^^ *° '"^'^''^ anhydriSTsolution over a^^Ld of to miS r^a n 

t:zTe:::r:rrf:ri^^ 

Slo-^ mliHtfi"*"" ^""'^ ^'^'^^ ^''^^ ^"^^'^"'^^ (24.7 ml. 2.62x10-1 mols), triethylamine (6 25 mL 

4.48x10 mols) and manganese acetate tetrahydrate (0.37 g. 1.50x10-^ mols). This solution was heated to light reL 

was dissolved m diethyl ether (500 mL). This solution was washed with dist. HgO (500 mL). The isolated oroanic laver 
was then washed with saturated NIaHCOa aq. (500 mL) and again with dist. H,0 (500 mL) The o qaS7we?e S2S 

NMRand CNMR spectral features consistent with the expected bismaleimide product. 



Low Stress Die Attach Adhesive Formulation and Die Shear Strengths on Various Leadframes 

[0081] A silver filled die attach adhesive formulation having a viscosity of 901 1 cPs (5 rpm cone and olate^ and thi)f 
otropic index of 5.36 was produced by combining the following at ««m temperature uSnTL^hanSLt 



Liquid bismaleimide of Example B: 


2.644 g 


Dimer divinyl ether of Example 5: 


2.644 g 


Ricon 131MA20 (RIcon Resins, Inc.): 


0.661 g 


Silquest A-174 (Witco Corp.): 


0.040 g 


USP-90MD (Witco Corp.): 


0.099 


XD0026 (NSCC trade secret): 


0.119 


SF-96 silver flake 


23.794 
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[0082] The resulting paste was dispensed onto various metal leadframes as detailed below, and 120x120 mil silicon 
die were placed onto the adhesive bead to produce an approximately 1 mil trandline. Samples were "snap cured" at 
200°C for 60 seconds, and die shear strengths at room temperature and 240°C were measured. These samples were 
then subjected to elevated temperature and humidity (85°C/85% RH) for 48 hours. Die shear strengths were then again 
5 measured at room temperature and 240°C. Results are tabulated In Table 1 . 



Table 1 



Die Shear Strengths (DSS) of MaleimideA/inyl Ether Die Attach Adhesive 




No Moisture Exposure 


After Moisture Exposure (48 
h/85'>C/85 RH) 


Cure Profile 


60 s/200''C 


60 s/200°C 


Test Temperature 


25''C 


240''C 


25°C 


240''C 


Cu leadframe DSS (kg) 


4.88+/-0.25 


1.46+/-0.35 


6.54+/-0.82 


1.84+/-0.76 


Ag-Cu leadframe DSS (kg) 


5.29+/-0.34 


2.17+/-0.43 


9.50+/- 1.88 


1.56+/-0.72 


Pd-Cu DSS (kg) 


5.52+/-0.39 


1.99+/-0.44 


11.9+/-1.3 


3.53+/-0.66 


Typical moisture uptake for these devices after saturation at 85"'C/85% RH was 0.18 
weight percent. Weight loss during cure was 0.16+/-0.05 weight percent. 



EXAMPLE BB. 

25 

HAST Testing of MaleimideA/inyl Ether Die Attach Adhesive 

[0083] Similarly to Example AA, 120x120 mil die were attached to leadframes of various compositions utilizing the 
adhesive composition given in Example AA. The bonded die were then cured using "snap cure" (60 s/200°C) and "fast 
30 oven cure" conditions (15 min7175°C). The resulting cured devices were subjected to simulated HAST testing condi- 
tions (130°C, 85% RH) for 130 hours. The devices exhibited good adhesion as measured by die shear strength (DSS) 
at both room temperature and elevated temperature as shown in Table 2. 



Table 2 



Die Shear Strengths after simulated HAST Testing 


Cure Profile 


60 s/200°C 


15 minutes/1 75°C 


Test Temperature 


25''C 


240''C 


25°C 


240<'C 


Cu leadframe DSS (kg) 


15.3+/-1.8 


1.12+/-0.35 


17.2+/-0.8 


1,25+/-0.39 


Ag-Cu leadframe DSS (kg) 


16.3+/-1.9 


2.81-h/-0.55 


14.8+/-1.8 


2.647-1.6 


Pd-Cu DSS (^g) 


15.7-H/1.7 


3.04+/-0.46 


14.4+/-0.7 


2.96+/-0.90 



Example CC. Warpage of Large Die Bonded with Malelmide/Vlnyl Ether Die Attach Adhesive 

[0084] The die attach composition described in Example AA. was used to bond 500x500 mil die to Pd-Cu leadframes. 
The assembled pices were "snap cured" and measured for die warpage at several temperatures and times. Typical 
50 results are given in Table 3. The performance exhibited by this adhesive qualifies it as a "low stress" material. 



Table 3 

Warpage of Maleimide/Vinyl Ether Die Attach Adhesive on 
500x500 mil Die 
Thermal History I 1 min/aoCC I +1 min/240''C I +4h/175<'C 
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Table 3 (continued) 



Warpage of Maleimide/Vinyl Ether Die Attach Adhesive or 
. 500x500 mil Die 



Warpage(Mm) [ 10.44./-1.3 | 11.94-/-1.4 | u.w-i.6 



EXAMPLE DD. Thermal Analysis of Maleimide/Vinyl Ether Die Attach Adhesive 

[0085] The composition of Example AA w 
cured" (60 s, 200X) on a hot plate or ovi 
(DMA). Results are summarized in Table 4. 



(DMl).Ssl'l^lrnf.SLl^^^^ '"'^ ^-^--^ed by dynamic mechanical analysis 



Thermal Analysis of MaleimideA/inyl Ether Die Attach 
Films 


Cure Profile 


60 s/200'>C 


4h/175°C 


TgCO 


-1 


35 


Modulus (E') at -65°C (psi) 


421,300 


513,900 


Modulus (£•) at 100°C (psI) 


5.864 


23,980 



[00871 Other embodiments of the invention are those described in the following numbered paragraphs: 

Ts 1 to • "'^ """^"""^ '^^"^ ^"^'""'^ tM-XnJn-<3 in Which m Is 0 or 1 and J 

(a) M is a maleimide moiety having the structure: 



in which Ri is H or an alkyi group having 1 to 5 carbon atoms; 

(b) X ,s an aromatic group selected from the group of aromatic groups having the structures: 
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(c) Q is a linear or branched chain alkyi, alkyloxy, allqrl amine, alky! sulfide, alkylene, alkyleneoxy, alkylene 
amine, alkylene sulfide, aryt, aryloxy, or aryl sulfide species, which may contain saturated or unsaturated cyclic 
or heterocyclic substituents pendant from the chain or as part of the chain, and in which any heteratom present 
may or may not be directly attached to X. 

2. The curable adhesive composition according to paragraph 1 in which Q is a linear or branched chain alkyI, alky- 
loxy, alkylene, or alkyleneoxy species, which may contain saturated or unsaturated cyclic or heterocyclic substitu- 
ents pendant from the chain or as part of the chain. 

3. The curable adhesive composition according to paragraph 2 in which Q is a linear or branched chain alkyI spe- 
cies, which may contain saturated or unsaturated cyclic or heterocyclic substituents pendant from the chain or as 
part of the chain. 

4. The curable adhesive composition according to paragraph 1 in which Q is a urethane having the structure: 

O O O O 

— R2 — X— N H-RJ- N H- C-(0- RJ- O- C- N H- F?- N H- C- >^ X-R^ 

in which each independently is an alkyI, aryl, or arylalkyi group having 1 to 18 carbon atoms; is an alkyI or 
alkyloxy chain having up to 100 atoms in the chain, which chain may contain aryl substituents; X is O, S, N, or P; 
and V is 0 to 50. 

5. The curable adhesive composition according to paragraph 1 in which Q is in ester having the structure: 

O O 

— r3_C— o R3-0-C— R3- 



in which R'^ is an alkyI or alkyloxy chain having up to 100 atoms in the chain, which chain may contain aryl substit- 
uents. 

6. The curable adhesive composition according to paragraph 1 in which Q is an ester having the structure: 



O O 0 0 

— Rj-O-C-Rj-C-O-Ra-kJ-C-Ra-C-O-Rj-^ 



in which 



pis 1 to 100, and 

each can independently be an alkyI or alkyloxy chain having up to 100 atoms in the chain, which chain may 
contain aryl substituents; or 

each can independently be a siloxane having the structure — (CR''2)e— [SiR*2— 0]|— SiR*2— {CR''2)g— in 
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SstbXm ttrnJlS^^^^^ ^'"'"'^ °^ ^" ^^^'"9 ^ *° 5 carbon atoms, the 

7. The curable adhesive conposition according to paragraph 1 in which Q is an ester having the structure: 

O O O o 

— R3-C-O-R3-O-C-R34C-O— Rg-O-c-Rj^ 



p is 1 to 100, and 
c^l"Vr;"sS^^^^^^^^ 

^Jll '"'^sP^dently be a siioxane having the structure -(CRV)»-[SiR42-^]f_SiR4,_(CRi,) in 

8. A curable adhesive composition comprising a maleimide compound and a curing initiator selected from th«. 
SSrSSla^^M!??!?' a Snbination ot thosirmLSIoCoun,' 

naving ine formula [M— ZJ^— K in which m Is 0 or1 and n is 1 -6, and 

(a) M is a maleimide moiety having the structure 



in which is H or an alky! having 1 to 5 carbon atoms; 

(b) K is an aromatic group selected from group of aromatic groups having the structures: 



in which pis 1 to 100; 
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(VII) 




in which p is 1 to 100; 



(VIII) 




in which R^, R^, and R^ are a linear or branched chain alkyi, alkyloxy. alkyi amine, alkyi sulfide, alkylene, alkyle- 
neoxy, alkylene amine, alkylene sulfide, aryl, aryloxy, or aryl sulfide species, which may contain saturated or 
unsaturated cyclic or heterocyclic substituents pendant from the chain or as part of the bacWxine in the chain, 
and in which any heteratom present may or may not be directly attached to the aromatic ring; 

or r5, rS, and R^ are a siloxane having the structure — (CR^2)b— {SiR^g— OJr-SiR^g— (CH3)g— in which 
the R^ substituent is H or an alkyi group having 1 to 5 cart»on atoms and the R* substituert Independently 
for each position is an alkyi group having 1 to 5 carison atoms or an aryl group, and e is 1 to 10 and f is 1 
to 50; 
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CH3 

IX). 




HO-C^^C-OH 
6 O 



1 1 . The curable adhesive composition according to paragraph 8 in which 2 is a urethane having ,he structure: 
-F?-X_C-NH-R3-NH-C-(0-f^-0-C-NH-R3-NH-C>>-X-R2- 
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in which each independently is an alkyi, aryl, or arylall<yl group having 1 to 18 cartxjn atoms; is an alkyi or 
aiicyloxy chain having up to 100 atoms in the chain, which chain may contain aryl substituents; X is O, S, N, or P; 
and V is 0 to 50. 

12. The curable adhesive composition according to paragraph 8 in which Z is an ester having the structure: 



— r3_c_o— r3_o-C— r3- 

in which R^ is an alkyi or alkyloxy chain having up to 100 atoms in the chain, which chain may contain aryl substit- 
uents. 

13. The curable adhesive composition according to paragraph 8 in which Z is an ester having the structure: 



O O 0 0 

-Rj-O-C-Ra-C-O-Rj-tO-C-Rj-C-O-Rj-)- 



p isl to 100, and 

each can independently be an alkyi or alkyloxy chain having up to 1 00 atoms in the chain, which chain may 
contain aryl substituents; or 

each r3 can independently be a siloxane having the structure — {CR^2)e— ISiR^g— 0]f— SiR*2— <CR^2)g— 
which the R'' substituent independently for each position is H or an alkyi group having 1 to 5 carbon atoms, the 
R* substituent independently for each position is an alkyi group having 1 to 5 cartron atoms or an aryl group, e 
and g are independently 1 to 10, and f is 1 to 50. 

14. The curable adhesive composition according to paragraph 8 in which Z is an ester having the structure: 

O 

■C-R3-V 



in which 

40 

p isl to 100, and 

each r3 can independently be an alkyi or alkyloxy chain having up to 100 atoms in the chain, which chain may 
contain aryl substituents; or 

each r3 can independently be a siloxane having the structure — (CR^g)©— {SIR^g— Olf— SiR'^2— <CR^2)g— in 
45 which the R' substituent independently for each position is H or an alkyi group having 1 to 5 carbon atoms, the 

R"* substituent independently for each position Is an alkyi group having 1 to 5 carbon atoms or an aryl group, e 
and g are independently 1 to 10, and f is 1 to 50. 

15. The curable adhesive composition according to any one of paragraphs 8 to 14 in which K is 




in which pis 1 to 100. 
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16. The curable adhesive composition according to any one of paragraphs 8 to 14 in which K is 
R6 



ZSl; «ml J °' ^'^"^^ ^'"'"^^ sulfide, alkylene. alkylene- 

heterocyclic substrtuents pendant from the chain or as part of the chain, and in which anv 
heteroatom present may or may not be directly attached to the aromatic ring ^ 

1 7. The curable adhesive composition according to any one of paragraphs 8 to 14 in which K is 

'mia^^.H^r^'n- ^r^'"'"^ " "'"^ "^""^"^ ^"^ ^ ^="""9 '"«'«tor selected from the group 

consisting of a free-radical ,n,t.ator. a photoinitiator. and a combination of those, the vinyl compound having the for 



V" 1 



n which m is 0 or 1 a 



(c) X IS an aromatic group selected from the group of aromatic groups having the structures: 
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and 

(d) Q is a linear or branched chain all<yl, alkyloxy, alkyi amine, alky! sulfide, alkylene, alkyleneoxy, alkylene 
amine, alkylene sulfide, aryl, aryloxy, or aryl sulfide species, which may contain saturated or unsaturated cyclic 
or heterocyclic substituents pendant from the chain or as part of the chain, and in which any heteralom present 
may or may not be directly attached to X. 

19. The curable adhesive composition according to paragraph 18 in which Q is a linear or branched chain alkyI, 
alkyloxy. alkylene, or alkyleneoxy species, which may contain saturated or unsaturated cyclit or heterocyclic sub- 
stituents pendant from the chain or as part of the chain. 

20. The curable adhesive composition according to paragraph 19 in which Q is a linear or branched chain alky! spe- 
cies, which may contain saturated or unsaturated cyclic or heterocyclic substituents pendant from the chain or as 
part of the chain. 

21. The curable adhesive composition according to paragraph 18 In which Q is a urethane having the structure: 

O O O O 

— Fi^ — X— C— N H--R3- N H- (O- R?- O- C- N H-R'- N H- C- )— X--R2- 



in which each independently is an alkyl. aryl, or arylalkyl group having 1 to 18 cartran atoms; is an alky! or 
alkyloxy chain having up to 100 atoms in the chain, which chain may contain aryl substituents; X is O, S, N. or P; 
and v is 0 to 50. 

22. The curable adhesive composition according to paragraph 18 in which Q is an ester having the structure: 

O O 
— r3_c_o — r3_o-C— pa- 
in which R^ is an alkyl or alkyloxy chain having up to 100 atoms in the chain, which chain may contain aryl substit- 
uents. 

23. The curable adhesive composition according to paragraph 18 in which Q is an ester having the structure: 

O O O O 

— Rj-O-C-Rj-C-O-Rj-kD-C-Ra— C-0-R3-4^ 



pis 1 to 100, and 

each can independently be an alkyl or alkyloxy chain having up to 1 00 atoms in the chain, which chain may 
contain aryl substituents; or 

each r3 can independently be a siloxane having the structure — {CR^2)e— [SiR'*2-0],— SiR''2-<CR^2)g— in 
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24. The curable adhesive composition according to paragraph 18 in which Q is an ester haWng the structure: 

° 0 0 o 

-R3-C-0-R3-0-C-R34C-0-R3_o-i_R34_ 



p is 1 to 100, and 

f^L? °S • silmane having Ihs slruclure HCR'a)._ISIFT',^U-SiFrl._,rR< > i„ 



1 



n which m is 0 or 1 and n is 1 -6; and 

srclrrnstsr^nX^o;^ 

(b) B is C. S, N, O. C(0), C(0)NH or C(0)N(RS). in which rB is an alky, group having 1 to 5 carton atoms; 

(c) K is an aromatic group selected from the group of aromatic groups having the structures: 

(V) 
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(VII) 




in which pis 1 to 100; 



(VilO 




in which R^, R^, and R' are a linear or branched chain alkyi, alkyloxy, alkyl amine, all<yl sulfide, alkylene, alkyle- 
neoxy. alkylene amine, alkylene sulfide, aryl, aryloxy, or aryl sulfide species, which may contain saturated or 
unsaturated cyclic or heterocyclic substituents pendant from the chain or as part of the backbone in the chain, 
and in which any heteratom present may or may not be directly attached to the aromatic ring; or 

R^. R^, and are a siloxane having the structure -<CR^2)e— [SiR'*2— 0]f— SiR^2— (CHgjg— in which the 
R'' substituent is H or an alkyl group having 1 to 5 carbon atoms and the R* substituent independently for 
each position Is an alkyl group having 1 to 5 carlxjn atoms or an aryl group, and e is 1 to 10 and f is 1 to 50; 
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(X) 




-.de. a-Mene, alMeneoxy, alK^ene 
or heterocyclic substrtuerite penSVrSe^Sn o^f ' ^J.T. saturated or unsaturated cyclic 

mayorrnaynotbedireclyat^^^^^^^ 

altS;;Snen'raM^^^^^ 

stituents pendam from Z charofas part oUhe chain " ^ ^^^-^^^^ 

"s'^rh'rSi^S^^^^ 

part of the chain. unsaturated cyclic or heterocyclic substrtuents pendant from the chain or as 

28. The curable adhesive composition according to paragraph 25 in which Z is a urethane having the structure: 
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-F? — X— C- NH-RJ- N H-C-(0-r3-0-C- N H-R?-N H- C->— X-r2- 



in which each independently is an alkyi, aryl, or arylalkyi group having 1 to 18 cartwn atoms; is an all<yl or 
alkyloxy chain having up to 100 atoms In the chain, which chain may contain aryl substituents; X is O, S, N, or P; 
and V is 0 to 50. 

29. The curable adhesive composition according to paragraph 25 in which Z Is an ester having the structure: 
O O 

— R3— C— O R3-0-C— R3- 



in which R^ Is an alkyI or alkyloxy chain having up to 100 atoms in the chain, which chain may contain aryl substit- 
uents. 

30. The curable adhesive composition according to paragraph 25 In which Z is an ester having the structure: 

0 0 ? ° 

— Rj-O-C-Rg-C-O-Rj-to-C-Ra-C-O-Rj-)^ 



pisi to 100, and 

each r'^ can independently be an alkyI or alkyloxy chain having up to 100 atoms in the chain, which chain may 
contain aryl substituents; or 

each R^ can independently be a siloxane having the structure — {CR''2)e— ISiR*2— 0]f— SIR^2— <CR''2)g— in 
which the R^ substituent independently for each position is H or an alkyI group having 1 to 5 carbon atoms, the 
R^ substituent Independently for each position is an alky! group having 1 to 5 cartjon atoms or an aryl group, e 
and g are independently 1 to 10, and f Is 1 to 50. 

31 . The curable adhesive composition according to paragraph 25 in which Z is an ester having the structure: 



-R3-C-O-R3-O-C-R34C-O— Rg-O-C-Rj-^p- 



in which 

pisl to 100, and 

each R^ can independently be an alkyI or alkyloxy chain having up to 100 atoms in the chain, which chain may 
contain aryl substituents; or 

each R^ can independently be a siloxane having the structure — {CR''2)e— [SiR*2— 0]f— SiR''2— (CR''2)g— in 
which the R^ substituent Independently for each position is H or an alkyI group having 1 to 5 carbon atoms, the 
R^ substituent Independently for each position is an alkyI group having 1 to 5 carbon atoms or an aryl group, e 
and g are ind pendently 1 to 10, and f Is 1 to 50. 

32. The curable adhesive composition according to any one of paragraphs 25 to 31 in which K is 
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when p is 1 to 100. 

33. The curable adhesive composition according to any one of paragraphs 25 to 31 in which K is 



heteroatom present may or may not be directly attached to the aromatlcrfng 

34. The curable adhesh^e composition according to any one of paragraphs 25 to 31 in which K is 



LQ 



(a) IW is a maleimide moiety having the structure: 
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in which is H or an all<yl group having 1 to 5 carbon atoms; 

(b) X Is an aromatic group selected from the group of aromatic groups having the structures: 
(I) (II) (III) 



NH- 



— ^^O— C— NH- 



(c) Q is a linear or branched chain aikyi, alkyloxy, alkyi amine, alkyi sulfide, alkyfene, alkyleneoxy, alkylene 
amine, alkylene sulf ide, aryl, aryloxy. or aryl sulfide species, which may contain saturated or unsaturated cyclic 
or heterocyclic substituents pendant from the chain or as part of the chain, and in which any heteratom present 
may or may not be directly attached to X; or 

(d) Q is an ester having the structure: 

O O 
— r3— C— O— R3-0-C— R3- 

in which R'^ is an alkyi or alkyloxy chain having up to 100 atoms in the chain, which chain may contain aryl sub- 
stituents; or 

(e) Q is a urethane having the structure: 

O O O O 

— F^^ — X— C-N H-l^- N H- C-(0-b3- O- C- N H-R"- N H- C->^ X-r2- 

in which each independently Is an alkyi. aryl, or arylalkyi group having 1 to 18 carbon atoms; is an alkyi 
or alkyloxy chain having up to 1 00 atoms in the chain, which chain may contain aryl substituents; X is O, S. N, 
or P; and v is 0 to 50. 
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(f) Q is an ester having the structure: 



H V O O 

-Ra-O-C-Rj-C-O-Rg-kj-C-Rj-C-O-Rj-)^ 



in which 

pis 1 to 100, and 



(g) Q is an ester having the structure: 

O 0 O 0 

-Rs-C-O-Rj-O-C-Rj-tC-O-Rj-o-C-Rj^^ 



in which 



p is 1 to 100, and 
(a) M is a maleimide moiety having the structure 



in which Ri is H or an all^yl having 1 to 5 carbon atoms; 

(b) K ,s an aromatic group selected from group of aromatic groups having the structures: 
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(V) 



in which p is 1 to 100; 




in which p is 1 to 100; 



(VIII) 




in which R^, R^. and are a linear or branched chain alkyi, all<yloxy, alkyi amine, alky! sulfide, alkylene, alkyle- 
neoxy. alkylene amine, alkylene sulfide, aryl, aryloxy, or aryl sulfide species, which may contain saturated or 
unsaturated cyclic or heterocyclic substituents pendant from the chain or as part of the backtxjne in the chain, 
and in which any heteratom present may or may not be directly attached to the aromatic ring; 

or R^, R^, and are a siloxane having the structure — (CR''2)e— {SiR*2— 0]f — SiR''2— (CH3)g — in which 
the R'' substituent is H or an alkyi group having 1 to 5 carbon atoms and the R'' substituent independently 
for each position is an alky! group having 1 to 5 carbon atoms a an aryl group, and e is 1 to 10 and f is 1 
to 50; 



37 

Copied from 10355354 on 04/12/2005 



EP 0 969 065 A2 



—O-^ CH3 



HO-C'^^C-OH 



(d) Z is an ester having the structure: 



— R — C— O— r3_0-C— r3_ 

ItitTertsror " °' ^"^""^ "'^"^ *° "'"'"^ ^f^^'"' «hicl 
(e) 2 is a urethane having the structure: 

^ ° ? o O 

-R^-X-C^NH-f^-igH-C-{0-R>-0-C^NH-R'-NH-&>. 
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in which each independently is an alkyl. afyf. or arylali<yl group having 1 to 18 carbon atoms; is an alky! 
or alkyloxy chain having up to 100 atoms in the chain, which chain may contain aryl substituents; X is O, S, N, 
or P; and v is 0 to 50; or. 

(f) Z is an ester having the structure: 

0 0 CO 
— R3-0-C-R3-C-0-R3-4O_C-R3-C-O-R3-4^ 

in which 

p is 1 to 100, and 

each R^ can independently be an alkyl or alkyloxy chain having up to 100 atoms in the chain, which chain 
may contain aryl substituents; or each can independently be a siloxane having the structure 
— (CR^2)e— [SiR'*2-0]r-SiR'*2— {CR^2)g— in which the R^ substituent independently for each position 
is H or an alkyl group having 1 to 5 carbon atoms, the R* substituent independently for each position is an 
alkyl group having 1 to 5 carbon atoms or an aryl group, e and g are independently 1 to 10, and f is 1 to 
50; or 

(g) Q is an ester having the structure: 

O 0 0 o 

H II , » II 

— R3-C-O-R3-O-C-R340-O— Ra-O-C-Rj-^p- 

in which 

pis 1 to 100, and 

each can independently be an alkyl or alkyloxy chain having up to 100 atoms in the chain, which chain 
may contain aryl substituents; or 

each r3 can independently be a siloxane having the structure 
— <CR''2)e— ISiR''2— 0](— SiR'*2— {CR^2)g— in which the R^ substituent independently for each position is 
H or an alkyl group having 1 to 5 carbon atoms, the R^ substituent independently for each position is an 
alkyl group having 1 to 5 cartion atoms or an aryl group, e and g are independently 1 to 10, and f is 1 to 50. 

A curable adhesive composition comprising a vinyl compound and a curing initiator selected from the group con- 
sisting of a free-radical initiator, a photoinitiator and a combination of those, the vinyl compound having the formula 




-In 



in which m is 0 or 1 and n is 1-6; and 

(a) R^ and R^ are H or an alkyl group having 1 to 5 carbon atoms, or together form a 5 to 9 membered ring with 
the cartxjns forming the vinyl group; 

(b) B is C, S, N, O, C(0), C(0)NH or C(0)N(R^), in which R^ is an alkyl group having 1 to 5 carbon atoms; 

(c) X is an aromatic group selected from the group of aromatic groups having the structures: 
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fi? I'i"^^' or branched chain alt^, alkyloxy, alkyl amine, alkyi sulfide, alkylene alkyleneoxv alMene 
am.ne, alkylene sutfde. aryl, aryloxy. or aryl sulfkJe species, which nSy conta n saTate^ orunsS^t^dic 

ry~s^^^^^^^ 

(e) Q IS an ester having the structure: 



— R^— C— 0— R3-0-C— R3_ 
(0 Q is a urethane having the structure: 



-B? - X_C- N H-R»- N H-C-(0-r3-0- C- N H-f?'- N H- C.>^X-r2- 
in which each independently is an alkyI, aryl, or arylaikyi group having 1 to 18 carbon atoms- r3 is an alkvl 
(g) Q is an ester having the structure: 



_R3-0_(i_R^.^O-R3_to-6-R3-il_0-R3_^ 



p is 1 to 100, and 

rl^^n'^T'^t^!^ °' ^'T'^ ^^'"3 "P '° atoms in the chain, which chain 

iTH nrnn =iJ,i 2"°^^^'^ 2-{CRMg-in which the substitusnt independently for each position 
IS H or an alkyI group having 1 to 5 carbon atoms, the R* substituent independently for each SSlo^s an 
alkyI group having 1 to 5 carbon atoms or an ary. group, e and g are independenll; 1 to lO.^nJ? is 1 to 
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(h) Q is an ester having the structure: 



O O O o 

— R3-C-0-R3-O-C-R34C-0— Rg-O-C-Rj-V 



in which 



pis 1 to 100, and 

each can independently be an alkyi or alkyloxy chain having up to 1 00 atoms in the chain, which chain 
may contain aryl substituents; or 

each R^ can independently be a siloxane having the structure 
— <CR^2)e— {SiR^a— OJr-SiR^a— (CR^2)g— in which the R^ substituent independently for each position is 
H or an alkyI group having 1 to 5 carbon atoms, the R^ substituent independently for each position is an 
alkyI group having 1 to 5 carbon atoms or an aryl group, e and g are independently 1 to 10, and f is 1 to 50. 

A curable adhesive composition comprising a vinyl compound and a curing initiator selected from the group con- 
sisting of a free-radical initiator, a photoinitiator, and a combination of those, the vinyl compound having the formula 



in which m is 0 or 1 and n is 1 -6; and 

(a) R'' and R^ are H or an alkyI group having 1 to 5 carbon atoms, or together form a 5 to 9 membered ring with 
the carbons forming the vinyl group; 

(b) B is C, S, N, O, C(0), C(0)NH or C(0)N(R8), in which R^ is an alkyI group having 1 to 5 carbon atoms; 

(c) K is an aromatic group selected from the group of aromatic groups having the structures: 





(VI) 




in which pis 1 to 100; 
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in which p is 1 to 100; 



Rj. and are a siloxane having the structure -{C R^pk-rSiR^o-Ol^iR^o-^PH ^ in 
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(X) 




and 

(d) Z is a linear or branched chain all<yl, alkyloxy, alkyi amine, alkyi sulfide, alkylene, alkyleneoxy. alkylene 
amine, alkylene sulfide, aryl, aryloxy, or aryl sulfide species, which may contain saturated or unsaturated cyclic 
or heterocyclic substituents pendant from the chain or as part of the chain, and in which any heteratom present 
may or may not be directly attached to X; or. 

(e) Z is an ester having the structure: 

O O 
— r3_C— O— R3-0-C— R3- 

in which is an alkyi or alkyloxy chain having up to 100 atoms in the chain, which chain may contain aryl sub- 
stituents; or 

(f) Z is a urethane having the structure: 

O O 0 O 

— F*'— X— C-NH-R?-NH-C-(0-r3-0--C-NH-R»-NH-C-)— X-R2- 
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in which each independently is an alkyl, aryl. or arylalkyl group having 1 to 18 carbon atoms; is an alky! 
0 all^toxy chain having up to 100 atoms in the chain, which chain may contain aryl substituents; X is O S N 
or f, ana v is 0 to 50; or ■ ■ . 



(g) Z is an ester having the structure: 



_R3-0-C-R3-C-0-R3_H>-C-R3-C-0-R3-^ 



p is 1 to 100, and 

maT r.'lTn"?'r"S^ ^" °' ^'1'°^ ^^^"'"9 "P *° 1 °° the chain, which chain 

Ic^T iS& ^?Tp4= " independently be a siloxane ha^.■ng the structure 

k H or ^uL L 2-OJr-S.R 2-<CR'2)g- in which the R^ substituent independently for each position 
alM arL ht^^^^^^^^ '° independent for each posrtionis an 

alkyl group having 1 to 5 carbon atoms or an aryl group, e and g are Independently 1 to lO.^d f is 1 to 

(h) Z is an ester having the structure: 

° ? ? o 

-R3-C-0-R3-0-C-R34C-0-R3-0-C-R3-)^ 



p is 1 to 100. and 
Ccfrrt^'ir/sSSs^T 

^?RM5«5iR4^i JS'^Tp'r? . ^ , ^^^^"9 tf'^ structure 

M iiT^ 2-0]r-SiR 2-<CR^2)g-in which the Ri substituent independently for each position is 
alM^SavlnTi 'r'^" " ^'^^"^ independently for'each posSn is an 

alkyl group having 1 to 5 carbon atoms or an aryl group, e and g are independently 1 to 10, and f is 1 to 50. 

^" it^l^l^H*^'' H^°T'™°" «''"P^'"sin9 a rnal^Mde compound as described in claim 1 or 2 and a vinyl com- 
pound as descnbed in claim 3 or 4, and a curing initiator. ^ 

^' as'SSl^h'^^i^i-i! °" ""^T^ ^ "'^'""^'^^ '^'^"'^ 1 °^ 2, or a vinyl compound 

colon H \ °' ' «""bmation of a maleimide compound as described in claim 1 or 2 andTvinyl 

compound as described in claim 3 or 4, and an anionic or cationic curing initiator. ^ 

s'Sofp'SrafeJtTJ' ""^'f' *° ^ ^"''^^^^^ -i*' ^ ^'^^^d adhesive compo- 

sition prepared from a composition according to any one of the preceding claims. 
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